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Previous clinical and angiographic/histopathologic correla- 
tive studies have demonstrated that angiographic findings 
of occlusive thromhus, intraluminal filling defects and 
complex lesion morphology indicate the presence of intra- 
coronary thrombosis. The purpose of this study was to 
determine whether the presence of these descriptors of 
intracoronary thrombosis is associated with the syndrome 
of prolonged rest angina. The coronary angiograms of 50 
patients with prolonged rest angina without myocardial 
infarction (group I) and 42 concurrent patients with stable 
angina (group II) were reviewed without knowledge of the 
clinical syndrome. Patients with prior myocardial infarc- 
tion, coronary angioplasty or coronary artery bypass graft 
surgery were excluded, as were patients with important 
aortic stenosis. 
Each coronary artery stenosis in a major epicardial 
vessel was evaluated for the presence or absence of intra- 
coronary thrombus (defined using standard criteria), com- 
plex lesion morphology (defined as the presence of haziness, 
Unstable angina is a common syndrome associated with 
significant morbidity and frequent progression to acute myo- 
cardial infarction. Previous reports have suggested a role for 
coronary artery spasm (1) and coronary thrombus formation 
(2-5) in the conversion of the asymptomatic state or stable 
angina to unstable angina. Observations of the dynamics of 
coronary lesion morphology in patients receiving throm- 
bolytic therapy in the setting of acute transmural myocardial 
infarction and other acute ischemic syndromes have sug- 
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a smudged appearance or irregular lesion margins) and 
eccentricity, and the frequency of each of these findings in 
groups I and II was compared. Intracoronary thrombus 
was present significantly more often in group I patients 
(42%) than in group II patients (17%) ($5.77; p < 0.02). 
Complex lesion morphology was also present significantly 
more often in group I (44%) than in group II (14%) 
patients (,$ 8.17; p < 0.01). Either standard criterion for 
intracoronary thrombus or complex morphology was 
present in 70% of group I but only 21% of group II patients 
(,$ 19.7; p < 0.001). 
These results support a strong association of the angio- 
graphic descriptors of intraluminal thrombosis with the 
clinical syndrome of prolonged rest angina. They suggest 
that the syndrome of prolonged rest angina shares with 
acute transmural myocardial infarction a thrombotic mech- 
anism. 
(J Am Co11 Cardiol1989;14:1429-37) 
gested that the presence of certain angiographic features 
might reliably indicate the presence of intracoronary thrombi 
(4,6,7). These angiographic features of an “acute” coronary 
morphology include occlusive thrombus, intraluminal filling 
defects and “complex” lesion morphology (defined as the 
presence of at least one of the following: haziness, a 
smudged or inhomogeneous appearance of the lumen, ill 
defined or irregular lesion margins or extension of contrast 
beyond the normal lumen suggesting an ulcerated plaque). In 
addition, angiographicihistopathologic correlative studies 
have shown (8) that the presence of acute coronary throm- 
bus is usually associated with complex lesion morphology, 
and that such a complex stenosis can be characterized 
angiographically by the presence of irregular borders or 
areas of intraluminal lucency. 
In the current study we evaluated the reliability of these 
angiographic findings as indicators of an acute intracoronary 
process associated with the clinical syndrome of prolonged 
rest angina, by comparing the frequencies of these findings in 
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patients undergoing cardiac catheterization for evaluation of 
stable and unstable (prolonged rest) angina. A strong asso- 
ciation of these findings with the clinical syndrome of 
prolonged rest angina, when combined with prior results 
suggesting that these angiographic features represent small 
thrombi, would provide further evidence of the importance 
of intracoronary thrombosis in this syndrome. 
Methods 
Study patients. The studies were performed on 92 pa- 
tients who were found to have significant coronary artery 
disease (>50% diameter narrowing in at least one epicardial 
coronary artery) at diagnostic cardiac catheterization per- 
formed at this institution. Informed consent was obtained 
from all subjects. Patients were excluded from study if they 
had enzymatic or electrocardiographic (ECG) evidence of 
myocardial infarction, had undergone coronary angioplasty 
or coronary artery bypass graft surgery or had significant 
aortic stenosis. The condition of patients was defined as 
stable if they had not had rest angina during the 2 month 
period preceding cardiac catheterization, and as unstable if 
they had experienced prolonged rest angina (angina decubi- 
tus of >20 min duration without evidence of myocardial 
necrosis) within 1 week before catheterization. Patients 
meeting the entry criteria were consecutively entered into 
the study; 50 patients were included in the unstable group 
(group I) and 42 in the stable group (group II). At our 
institution cardiac catheterization is part of the diagnostic 
evaluation for patients with prolonged rest angina. The 
patients in the stable group were referred for cardiac cathe- 
terization for the evaluation of a chest pain syndrome other 
than unstable angina or myocardial infarction, or for conges- 
tive heart failure of suspected ischemic origin. 
Angiographic studies. Coronary angiograms were per- 
formed using preformed Judkins-type coronary catheters, by 
way of the transcutaneous femoral approach. All angiograms 
included multiple oblique views of the major epicardial 
coronary arteries. The studies were obtained with either a 
Siemens-Pandoros Optimatic system using a 7 in. (17.8 cm) 
input diameter image intensifier or a Phillips-Optimus 200 
system using a 6 in. (15.2 cm) input diameter image intensi- 
fier. All studies were recorded on 35 mm tine film at a film 
speed of 30 frames/s. 
Each major epicardial vessel was evaluated in all relevant 
angiographic projections by one experienced angiographer 
using standardized criteria (to be described). Ninety-seven 
percent of the angiograms (89 of 92) were additionally 
evaluated by a second experienced observer in the same 
manner, to provide a measure of interobserver variability. 
The films on which there was disagreement were reviewed 
jointly by the two angiographers in an attempt to assess the 
reasons for the disagreements in interpretation. The angiog- 
raphers evaluating the coronary angiograms were unaware 
of the clinical diagnosis of the patients in this study. Each 
angiogram was evaluated for the presence or absence of 
significant occlusive disease in each of the major epicardial 
coronary arteries, the severity of each significant lesion, and 
the presence or absence of visible collateral vessels and of 
the criteria to be described. 
Angiographic definitions. An angiogram was defined as 
demonstrating the presence of intracoronary thrombus when 
at least one standard angiographic criterion for intracoronary 
thrombus was present. These standard criteria are 1) acute 
thrombotic total occlusion, represented by an abrupt vessel 
cutoff with convex, irregular margins and contrast persis- 
tence at the occlusion site (Fig. lA), and 2) an intraluminal 
filling defect in a patent vessel, represented by the presence 
of a discrete intraluminal lucency within or adjacent to a 
stenotic region, with surrounding homogeneous contrast 
opacification and identification in multiple views (Fig. 1B). 
The presence of a probable intraluminal filling defect, meet- 
ing the criteria listed under [2] except that the filling defect 
was visible in only one view, was also taken as evidence of 
intracoronary thrombus. A lesion was defined as complex 
when it exhibited one or more of the following angiographic 
characteristics: haziness, a smudged or inhomogeneous ap- 
pearance, ill defined or irregular margins or the presence of 
contrast opacification beyond the vessel lumen, suggesting 
ulceration of a plaque (Fig. 2). 
For the purpose of assessing the correlation of these 
“acute” or “unstable” coronary morphologic features with 
clinical instability, an epicardial coronary artery was defined 
as acute or unstable when it exhibited either evidence of an 
intraluminal coronary thrombus or the presence of a com- 
plex lesion. An angiogram containing at least one unstable 
coronary artery was defined as unstable. In addition, lesion 
eccentricity was also assessed. However, the presence of 
eccentricity, defined as confinement of the residual coronary 
lumen in a region of significant stenosis to one side of the 
center line of the adjacent more nearly normal lumen, did not 
cause an angiogram to be classified as unstable. A patient’s 
coronary angiogram was classified as “stable” when it 
contained no “unstable” vessels. 
Clinical data. Surface electrocardiograms (ECG) were 
examined in all group I patients with an angiographically 
defined unstable coronary angiogram. Localized ST segment 
elevation and T wave inversion were considered to localize 
the distribution of myocardial ischemia. Localized ST seg- 
ment depression was not considered to have localizing value 
(9). The presence of one of these abnormalities in leads Vi to 
V, was considered to indicate ischemia in the left anterior 
descending artery distribution. Their presence in the inferior 
leads was taken as evidence of ischemia in either the right 
coronary or the circumflex artery distribution. Changes in 
the lateral leads were considered to be consistent with 
ischemia in either the left anterior descending artery or the 
circumflex distribution (9,lO). 
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Figure 1. A. Total acute thrombotic occlusion of the native right 
coronary artery in a patient with unstable angina. B. Typical 
intraluminal filling defect in the right coronary artery in a patient 
with unstable angina. 
The resu1r.s c?f’regional wall motion analyses from the 30 
right anterior oblique contrast left ventriculogram were 
compared with the results of coronary angiography in these 
patients. Anterobasal, anterolateral and apical wall motion 
abnormalities (hypokinesia, akinesia or dyskinesia) were 
defined as consistent with left anterior descending artery 
distribution: diaphragmatic and posterobasal wall motion 
abnormalities were considered to be consistent with right 
coronary artery distribution; and anterolateral, diaphrag- 
matic and posterobasal wall motion abnormalities were 
considered to be consistent with circumflex artery disease 
(1 I). In eight patients ventriculography was not performed. 
Data analysis. The frequency of each of the “unstable” 
angiographic features in the stable and unstable clinical 
Figure 2. Complex lesion morphology (hazy or smudged appear- 
ance) is visible in the proximal left anterior descending coronary 
artery: an associated filling defect is present just beyond the 
stenosis. 
groups was compared by analyzing contingency table data 
with use of chi-square analysis (12). An associated p value 
co.05 was considered to indicate a statistically significant 
difference in frequency across groups. The correlation be- 
tween clinical and angiographic instability was further char- 
acterized by calculating the sensitivity (true positives&rue 
positives + false negatives]), specificity (true negatives/[true 
negatives + false positives]), accuracy ([true positives + 
true negatives]/total number of subjects) and predictive 
value (true positives/[true positives + false positives]) of 
each criterion of angiographic instability relative to the 
presence of clinical instability (that is, prolonged rest angina) 
(13). 
Numerical variables (for example, age, percent diameter 
stenosis) are reported as mean values f SD. Statistical 
comparisons between groups of numerical variables were 
made using the two-tailed t test, and a p value co.05 was 
considered to indicate statistical significance. 
Results 
Patient Characteristics (Table 1) 
Clinical. Of the 50 clinically unstable patients (group I), 
29 (56%) were male; in contrast, 34 (81%) of the 42 clinically 
stable patients (group II) were male. This under-representa- 
tion of men in the unstable group was statistically significant 
(23.934; p < 0.05). The mean age of group I patients was 61 
L 12 years, not significantly different from that of group II 
patients (63 2 8 years) (p = NS). The time between the last 
episode of rest angina and cardiac catheterization in group I 
patients ranged from 0.1 to 5 days (mean 1.1 ? 0.9). The 
mean time from onset of recent symptoms to angiography in 
this group was 9.7 2 10.7 days. 
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Table 1. Patient Characteristics 
Unstable Angina Pectoris 
(group I; n = 50) 
Male 29 (56%)* 
Mean age (yr) 61 ? 12 
Mean stenosis severity (%) 85 + 17 
Mean no. of diseased vessels 2.32 + 0.8 
Left main coronary artery disease 4 (8%) 
Total occlusion 17 (34%) 
Collateral vessels 23 (46%) 
*p < 0.05 by Student’s t test. All mean values are shown k SD. 
Stable Angina Pectoris 
(group II; n = 42) 
34 (81%) 
63 f 8 
88 k 14 
2.42 + 0.8 
5 (12%) 
17 (40%) 
19 (45%) 
Reliable data on the use of aspirin or other nonsteroid 
anti-inflammatory drugs within 10 days preceding angiogra- 
phy was available for 83 of the 92 patients (43 from group I 
and 40 from group II). Four group I patients and three group 
II patients used aspirin within this period. An additional 
three group I patients and three group II patients used 
another nonsteroid anti-inflammatory drug during this time. 
There was no intergroup difference in either aspirin use (2 
0.087; p = NS) or overall nonsteroid anti-inflammatory drug 
use (2 0.026; p = NS). 
Angiographic. The mean severity (percent reduction in 
diameter) of significant coronary artery stenoses in the 
unstable group (group I) was 85 ? 17%; compared with 88 ? 
14% in group II patients. There was no significant difference 
in the severity of coronary artery disease as measured by 
this index between the two groups (p = NS). The mean 
number of significantly diseased major coronary arteries per 
patient was 2.32 + 0.8 in group I and 2.42 ? 0.8 in group II 
(p = NS). Chi-square analysis also indicated a similar extent 
of disease in the two groups: by this test the distribution of 
one, two and three vessel disease in group I (26%, 28% and 
46%, respectively) was not significantly different from that in 
group II (29%, 16% and 55%, respectively) (,$ 1.80, p = 
NS). Similarly, the frequency of significant left main coro- 
nary artery disease did not differ between group I (4 [8%] of 
50) and group II (5 [12%] of 42) (2 0.08; p = NS). The 
proportion of patients in group I (17 [34%] of 50) and group 
II (17 [40%] of 42) having total occlusion of at least one 
coronary artery was similar (2 0.18; p = NS). Neither was 
there a difference between groups in the proportion of 
patients having visible collateral vessels (46% in group I, 
45% in group II; 20.02; p = NS). 
Angiographic Coronary Morphology 
Evidence of intracoronary thrombus. In the unstable 
group (group I), 21 (42%) of the 50 patients exhibited 
evidence of intracoronary thrombus. In group II, 7 (17%) of 
the 42 patients did so; this difference in frequency was 
statistically significant (2 5.77; p < 0.02) (Table 2). In this 
category of angiographic markers the sensitivity for associ- 
ated clinical instability was 0.42, the specificity 0.83, the 
accuracy 0.61 and the predictive value 0.75. 
Presence of complex lesion morphology. In group I, 22 
(44%) of the 50 patients had angiographically complex lesion 
morphology in at least one vessel compared with 6 (14%) of 
the 42 patients in group II; this difference was statistically 
significant (,$ 8.167; p < 0.01) (Table 2). Only a small 
Table 2. Angiographic Coronary Morphology in 92 Patients 
Unstable Angina Pectoris Stable Angina Pectoris 
(Group I; n = 50) (Group II; n = 42) ,? 
Intracoronary thrombus 21 (42%)* 7 (17%) 5.77 
Occlusive thrombus 5 (10%) 1 (2) 
Intraluminal filling 11 (22%) 3 (7) 
defect 
Probable intraluminal 7 (14%) 3 (7) 
filling defect 
Complex morphology 22 (44%)‘r 6 (14) 
Hazy, smudged or ill 22 (44%) 6 (14) 
defined margins 
Ulcerated plaque 3 (6%) 2 (5) 
Intracoronary thrombus or 35 (70%)$ 9 (21) 19.7 
complex morphology 
8.17 
*p < 0.02. tp < 0.01. $p < 0.001 by Student’s t test. 
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number of patients in either group were identified as having 
complex lesion morphology on the basis of the angiographic 
appearance of an ulcerated plaque (three [6%] in group I and 
two [5%] in group II); each of these patients had been 
identified as having complex morphology by one of the other 
descriptors as well. Thus, removing the criterion of ulcer- 
ated plaque from the classification scheme would not alter 
the results (Table 2). The sensitivity of complex lesion 
morphology for an associated unstable clinical state was 
0.44, the specificity 0.86, the accuracy 0.63 and the predic- 
tive value 0.79. 
Combined criteria. Acute coronary morphology, defined 
as the presence of either intracoronary thrombus or complex 
lesion morphology, was found in a significantly higher per- 
centage (J 19.7: p < 0.001) of patients in group I (35 [70%] 
of 50) than group II (9 [21%] of 42) (Table 2). The sensitivity 
of the combined criteria was 0.70, the specificity 0.79, the 
accuracy 0.74, and the predictive value 0.80. Of the 35 
patients in group I having acute or unstable angiographic 
coronary morphology, the angiograms of 8 exhibited both 
intracoronary thrombus and complex lesion morphology, 
those of 13 exhibited only intracoronary thrombus and those 
of 14 exhibited only complex lesion morphology. 
Acute coronary morphology was found in four of seven 
group 1 patients taking aspirin or another nonsteroid anti- 
inflammatory drug and in 25 of 36 group I patients known to 
be not taking these drugs ($0.40 p = NS). Acute coronary 
morphology was found in one of six group II patients known 
to be taking these drugs and in 8 of 34 group II patients 
known to be not taking these drugs (2 0.14; p = NS). The 
difference between groups I and II in the frequency of 
patients with acute coronary morphology remained signifi- 
cant when only those patients known not to be taking these 
drugs were considered (2 14.8; p < 0.001). 
Eccentricity. Eccentric lesions were present in 14 (28%) 
of group I patients and in I1 (26%) of group II patients (2 
0.002; p = NS). 
Effect of patient gender. Because of the disparity of 
gender distribution between the two clinical groups, the 
effect of patient gender on the reliability of the angiographic 
criteria for instability was examined. Acute coronary mor- 
phology was present in 24 (83%) of 29 group I men and in 6 
(18%) of 33 group II men. This difference in frequency was 
highly significant (2 23.25; p < 0.001). In the male patients, 
the sensitivity of the angiographic criteria for clinical insta- 
bility was 0.83, the specificity 0.82, the accuracy 0.83, and 
the predictive value 0.80. In contrast, acute morphology was 
present in I1 (52%) of 21 group I women and in 3 (33%) of 9 
group II women. This difference in frequency between 
groups I and II was not significant (2 0.03; p = NS). In the 
female patients, the sensitivity of the angiographic criteria 
was 0.52, the specificity 0.67, the accuracy 0.57 and the 
predictive value 0.79. 
Effect of preangiograpbic delay. The mean delay in group 
I patients between last episode of symptoms and catheter- 
ization was small (see earlier), and limited to a maximum of 
7 days by study design. The time interval from last episode 
of symptoms to angiography in group I patients with acute 
angiographic features (“true positives”) was 1.11 ? 0.95 
days. In group I patients without acute angiographic features 
(“false negatives”) this interval was 1.13 ? 0.60 days (p = 
NS). 
Interobserver variability. The angiographic interpreta- 
tions of the primary angiographer were compared with those 
of a secondary angiographer, who was unaware of both the 
clinical status of the patients and the primary angiographer’s 
interpretations. The angiographic classification of the pa- 
tient’s condition as stable or unstable was concordant in 87% 
of the 89 angiograms read by both observers. Chi-square 
analysis demonstrated a highly significant correlation of the 
two angiographers’ interpretations (chi square 47.58; p < 
0.001) and showed no significant interobserver differences in 
the frequencies of true positive (2 0.046), false positive (,$ 
0.881). true negative (,$ 0.623) or false negative (2 0.243) 
angiographic interpretations. The accuracy (0.66), sensitiv- 
ity (0.65), specificity (0.68) and predictive value (0.71) of the 
second observer’s interpretations were similar to those of 
the primary angiographer. 
In the subset of 77 cases in which there was interobserver 
concordance, the accuracy of the angiographic criteria was 
0.74, the sensitivity 0.70, the specificity 0.79, and the pre- 
dictive value 0.80. A joint review of the 12 films on which 
there was disagreement regarding the presence of angio- 
graphic criteria of instability revealed several possible ex- 
planations for the discordant readings. In 7 of the 12 films the 
stenosis in question was extremely severe, subjectively 
graded as 99%. In each of these cases there was interob- 
server disagreement as to whether the degree of haziness or 
lack of definition of the stenosis borders was out of propor- 
tion to that expected given the residual luminal diameter and 
the overall film quality. In an additional three films, there 
was disagreement as to whether an area of lucency repre- 
sented a small intraluminal filling defect or a small space 
between two branching, overlapping vessels. In another 
film, a very tortuous, “corkscrew” left anterior descending 
artery gave the appearance of containing a complex lesion 
that in retrospect was considered likely to be artifactual and 
due to overlap of two segments of this vessel. In the 12th 
case of disagreement between the two observers, the lesion 
in question was estimated at 80% luminal diameter narrow- 
ing, and was graded by one observer as hazy and therefore 
“unstable” and by the other observer as “stable.” 
Electrocardiographic and ventriculographic data. Of the 
20 group I patients identified by angiography as having an 
unstable left anterior descending artery lesion, 10 had local- 
izing ECG abnormalities (6 in the anterior distribution, 2 
laterally and 2 inferiorly). There was concordance between 
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ECG and angiographic localization of the acute process in 
eight patients and discordance in two. Of the seven group I 
patients identified by angiography as having a right coronary 
artery unstable lesion, four had localizing ECG changes 
(three inferiorly and one anteriorly); thus, there was ECG- 
angiographic concordance in three patients and discordance 
in one patient. Of the eight group I patients with an angio- 
graphically unstable circumflex artery lesion, four had local- 
izing ECG changes (one laterally and three inferiorly); thus, 
there was ECG-angiographic concordance in all four pa- 
tients. Overall, of the 18 group I patients with an angio- 
graphic unstable lesion and localized ECG changes, there 
was ECG-angiographic concordance in 15 (83%) and discor- 
dance in 3 (17%). 
Left ventriculograms were available in 27 of the 35 group 
I patients with an angiographic unstable lesion. Of the 16 
patients who had the left anterior descending artery lesion 
identified as unstable, 9 had ventriculographic abnormalities 
consistent with the left anterior descending artery distribu- 
tion, 5 had no wall motion abnormality and 2 had abnormal- 
ities inconsistent with this distribution. Both of these latter 
patients had severe disease of the right coronary artery with 
wall motion abnormalities in its distribution. Of the five 
group I patients with the right coronary artery lesion identi- 
fied as unstable, two had wall motion abnormalities consis- 
tent with this distribution and three had normal ventriculo- 
grams. Of the six group I patients who had the circumflex 
artery lesion identified as unstable, five had wall motion 
abnormalities consistent with the circumflex distribution and 
one had no regional wall motion abnormality. Overall, there 
was ventriculographic-coronary angiographic concordance 
in 16 (89%) of 18 patients with localizing ventriculograms. 
Discussion 
Correlation of angiographic and clinical descriptors of 
coronary lesion instability. We found that distinctive coro- 
nary angiographic findings, consisting of intracoronary 
thrombus, or complex lesion morphology, or both, were 
highly associated with (sensitivity 0.70) and specific for 
(specificity 0.79) the clinical syndrome of prolonged rest 
angina. The distribution supplied by the coronary artery 
angiographically identified as exhibiting an acute lesion was 
generally consistent with the location of the ischemic zone as 
defined by ECG and ventriculography. The strong associa- 
tion of the abnormal coronary angiographic morphology we 
labeled “unstable” and the syndrome of prolonged rest 
angina suggests that the intracoronary pathology repre- 
sented by these angiographic findings may be important in 
initiating the syndrome of prolonged rest angina. An impor- 
tant result of this study was the finding that the addition of 
complex lesion morphology, as defined in this study, to the 
generally accepted descriptors of intracoronary thrombus 
significantly improved the strength of the association be- 
tween angiographic morphology and clinical instability. Al- 
though our angiographic definition of a “complex” stenosis 
is based on a visual interpretation and is thus subjective, the 
high interobserver concordance and the excellent predictive 
accuracy achieved suggest that the definition is both repro- 
ducible and useful. 
The previously reported appearance of both the standard 
angiographic findings of intracoronary thrombus and our 
“complex” lesion morphology in the setting of acute trans- 
mural myocardial infarction, and the resolution of these 
findings with thrombolysis, suggests that all of these angio- 
graphic findings represent intracoronary thrombus (6). Pre- 
vious angiographiclhistopathologic correlative studies (8) 
also support the association between each of these angio- 
graphic morphologies and the presence of intracoronary 
thrombus. Thus, our current results, when taken in concert 
with these prior data, provide evidence of the importance of 
intracoronary thrombosis in the conversion of the asympto- 
matic state or stable angina to prolonged rest angina, and of 
a common mechanism operating in both this subset of 
unstable angina and acute transmural myocardial infarction. 
It could be argued that the intracoronary thrombosis ob- 
served in patients with unstable angina is somehow a result 
of and not important in initiating the unstable state, just as 
this argument was previously made regarding the role of 
thrombosis in acute myocardial infarction (14). Although we 
believe that the likelihood that intracoronary thrombosis is a 
secondary phenomenon is low on the basis of the data 
presented here, absolute refutation of this argument will 
await a serial angiographic or angioscopic study of patients 
with unstable angina. As will be discussed later, the data on 
therapy already available make it clear that intracoronary 
thrombosis plays a major role in determining the prognosis 
of patients with unstable angina. 
There are several explanations for the fact that 30% of 
the patients in the unstable group in this study did not have 
angiographic evidence of intracoronary thrombosis. 1) It is 
unlikely that angiography, given its current spatial resolu- 
tion, is absolutely sensitive in detecting potentially clinically 
important platelet aggregates and microthrombi. 2) Angiog- 
raphy represents an examination of the coronary artery at a 
single point in time, and would thus underestimate the 
frequency of thrombi, which are dynamic in space and time. 
3) Other mechanisms such as coronary spasm clearly play a 
role in some patients with unstable angina. 4) The presence 
of chest pain at rest in patients with coronary artery disease 
may occasionally represent conditions other than myocar- 
dial ischemia. 5) Occasional observer errors in interpretation 
may occur. 
Previous studies. Like previous investigators (15-17), we 
found no difference in the angiographic severity or extent of 
coronary atherosclerosis between the clinically stable and 
unstable groups, suggesting that a gradual progression in the 
underlying coronary atherosclerotic process is not responsi- 
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ble for the appearance of unstable angina. Our finding that 
46% of the unstable group had angiographically demonstra- 
ble collateral vessels, and that the frequency of collateral 
vessels did not differ between the two groups, was also 
supported by previous work (18). Since previous investiga- 
tors (19-22) first demonstrated the high prevalence and 
etiologic importance of occlusive intracoronary thrombus in 
acute transmural myocardial infarction, there has been in- 
creasing appreciation of the potential importance of intra- 
coronary thrombosis in the other syndromes of acute myo- 
cardial ischemia. Although the first studies (2,3) of 
intracoronary thrombus in unstable angina were important in 
drawing attention to the potential importance of thrombosis 
in the pathogenesis of unstable angina, their usefulness was 
limited because they were uncontrolled and unblinded and 
there were occasionally long intervals between the onset of 
clinical instability and angiography. A subsequent uncon- 
trolled, unblinded study by Vetrovec et al. (4) suggested that 
the angiographic findings we describe as “complex morphol- 
ogy” most probably represent thrombi, as judged from the 
response to thrombolytic therapy. 
Other investigators (23-25) examined the association of 
the classic angiographic descriptors of intracoronary throm- 
bus with the clinical syndrome of unstable angina in con- 
trolled, blinded studies with consecutive patient enrollment. 
The sensitivity of the standard angiographic criteria for 
intracoronary thrombus for detecting associated clinical 
instability in these studies ranged between 0.12 and 0.37, and 
the specificity between 0.98 and 1.00. A subsequent report 
by Cowley et al. (26) of the results of a controlled, blinded 
investigation of the association of the standard angiographic 
descriptors of intracoronary thrombus with the clinical syn- 
drome of prolonged rest angina demonstrated a sensitivity of 
0.58 and a specificity of 0.95 for the angiographic descrip- 
tors. 
More recent studies have extended the angiographic 
analysis of coronary artery morphology in patients with 
unstable angina. Ambrose and coworkers (27-29) reported 
several controlled, blinded studies with consecutive enroll- 
ment suggesting that the presence of an eccentric stenosis 
with a narrow neck and irregular borders is highly associated 
with clinical instability. The sensitivity and specificity of this 
angiographic descriptor of instability were 0.71 and 0.84, 
respectively; the accuracy of this descriptor was 0.76, and its 
predictive value 0.81. It is interesting that each of these 
values is similar to that obtained for the criteria used in our 
study, despite the apparent dissimilarity of the descriptors. 
This would suggest that perhaps their classification scheme 
might operate in the same fashion as that of the current study 
(29). 
Pathophysiology of unstable angina. Previous investiga- 
tors have indicated the importance of plaque disruption and 
resultant platelet activation, aggregation and thrombus for- 
mation in the production of syndromes of acute myocardial 
ischemia. It is well known that plaque disruption and over- 
lying thrombosis are present in >90% of patients dying of 
transmural myocardial infarction (30-32) and common in 
patients whose unstable angina is complicated by sudden 
death (33-35). Direct visual inspection of the coronary lumen 
after episodes of unstable angina has confirmed the high 
frequency of intraluminal coronary thrombosis in this syn- 
drome (36). Increased levels of platelet release products (37) 
and abnormal platelet aggregation (38,39) have been found in 
patients with unstable angina. The reduction in progression 
to myocardial infarction and mortality associated with ther- 
apy of unstable angina with heparin (40). intravenous strep- 
tokinase (41) or aspirin (42,43) also suggests the importance 
of platelet activation and thrombosis in this syndrome. 
Fourteen percent of the patients in our study were known 
to be receiving aspirin or other nonsteroid anti-inflammatory 
drug therapy. These patients were divided evenly among the 
two patient groups, and our data show that including these 
patients in the analysis did not bias our results. Our study did 
not address the question of whether long-term antiplatelet 
therapy might affect coronary morphology. The evidence 
cited in the preceding paragraph, showing a beneficial clini- 
cal effect of such therapy, suggests that an effect on coronary 
morphology might be expected to occur. 
Coronary mechanism of unstable angina and myocardial 
infarction. The highly significant association between the 
angiographic descriptors of intracoronary thrombus and the 
clinical syndrome of prolonged rest angina found in the 
current study adds further support to the hypothesis that 
unstable angina and myocardial infarction have in many 
cases a common mechanism: plaque disruption leading to 
intracoronary thrombosis. As we have previously described 
(44) it is likely that whether intracoronary thrombosis 
results in acute transmural myocardial infarction, nontrans- 
mural infarction or unstable angina depends on the severity 
and duration of the reduction in myocardial blood flow to the 
ischemic zone (44,45). The degree of reduction in flow 
depends in turn on 1) the severity of the reduction in luminal 
diameter of the coronary artery supplying the ischemic zone 
(which is a function of the severity of the underlying steno- 
sis, the intensity of the stimulus for platelet aggregation, the 
degree of activation of the coagulation cascade, the activity 
of the various antithrombotic mechanisms and the severity 
of any associated vascular spasm), 2) whether the throm- 
botic occlusion is persistent or intermittent, and 3) the 
adequacy of collateral flow to the ischemic zone. A plaque 
rupture could produce either transmural infarction or one of 
the acute ischemic syndromes without transmural infarction, 
depending on the overall balance of these factors. 
Limitations of the Current Study 
Patients. There was an overrepresentation of women in 
the group with prolonged rest angina relative to the stable 
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angina group. This finding was also noted by Zack et al. (23), 
and is probably due to the recognized gender difference in 
the prevalence of symptomatic coronary atherosclerosis 
(46), and the effect this has on referral patterns for elective 
cardiac catheterization. It is likely that these patterns are 
disrupted when prolonged chest pain consistent with angina 
pectoris occurs, resulting in an “overrepresentation” of 
women in studies of unstable angina. An unexpected finding 
of our study was that the highly significant association 
between acute coronary morphology and prolonged rest 
angina did not extend to women. This appears to be largely 
due to a high proportion of “false negative” angiograms in 
women, which suggests that mechanisms other than plaque 
rupture with superimposed intracoronary thrombosis (such 
as spasm or inadequate coronary vasomotor reserve) might 
be important causes of the clinical syndrome of prolonged 
rest angina in women. In any event, it appears that the larger 
the proportion of women in the study population, the weaker 
will be the association between angiographic and clinical 
criteria for instability. 
Preangiographic delay. The range of delay encountered 
between the last episode of rest pain and angiography was 
narrow (1.1 + 0.9 days) by design. Probably as a result of 
this factor, we detected no effect of variations in this delay 
on the frequency of detection of acute angiographic findings 
in the unstable group. These results are in contrast to those 
of Capone et al. (24), who included a larger range of prestudy 
delays, and found that the duration of the preangiographic 
delay was inversely related to the frequency with which 
evidence of intracoronary thrombus could be detected. 
Identification of the ischemia-related vessel. Electrocar- 
diographic and ventriculographic data were used to localize 
the ischemic zone. Although there was a high degree of 
concordance between both ECG and ventriculographic lo- 
calization of the likely offending coronary artery and the 
angiographically identified unstable coronary artery lesion, 
most group I patients (unstable angina) did not have either 
localizing ECG changes (33 of 50) or ventriculographic 
abnormalities (19 of 35). In these patients, confirmation that 
the angiographically identified vessel with the unstable le- 
sion supplied the acutely ischemic myocardial region was 
not possible. Furthermore, both the ECG and the 30” right 
anterior oblique ventriculographic localization methods lack 
specificity because they define an abnormality in a given 
region (for example, inferior ST elevation or diaphragmatic 
hypokinesia) as consistent with ischemia produced by either 
of two coronary arteries (for example, the right or circumflex 
coronary artery). This could lead to an overestimation of the 
degree of correlation between the site of clinical ischemia 
and the distribution of the acutely involved coronary artery. 
Conclusions. The current study has documented the pres- 
ence of a highly significant association of a distinctive set of 
angiographic coronary morphologies, which we denote as 
acute or unstable, with the syndrome of prolonged rest 
angina. Previous work has demonstrated that these morphol- 
ogies represent intracoronary thrombosis. Thus, the current 
study suggests a strong association of the presence of 
intracoronary thrombus, not seen in patients with stable 
angina, and the clinical syndrome of prolonged rest angina. 
This association supports a pathogenetic role for intracoro- 
nary thrombosis in this syndrome, provides further theoret- 
ical justification for the use of antiplatelet and antithrombotic 
therapy in this syndrome and suggests the need for further 
trials of thrombolytic therapy in this setting. 
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